Dominant mutations in Cu/Zn-superoxide dismutase (SOD1) cause familial forms of amyotrophic lateral sclerosis (ALS), a fatal disorder characterized by the progressive loss of motor neurons. To investigate the role of antioxidant defenses in ALS we used knockout mice for the glutamate-cysteine ligase modifier subunit (GCLM−/−), which have a 70-80% reduction in total glutathione. Although GCLM(−/−) mice are viable and fertile, the life span of GCLM(−/−)/hSOD1 G93A mice decreased in 55% when compared to GCLM(+/+)/ hSOD1 G93A mice. Decreased life span in GCLM(−/−)/hSOD1 G93A mice was associated to increased oxidative stress, aggravated mitochondrial pathology and increased association of hSOD1 with the mitochondria. Interestingly, when the GCLM(−/−) animals were mated with a different ALS-model which overexpress the experimental mutation hSOD1 H46R/H48Q , no effect was observed in survival of GCLM(−/−)/hSOD1 H46R/H48Q mice; and little or no mitochondrial pathology was observed. Since a specific disease modifier, such as glutathione deficiency, may affect only certain hSOD1 mutants, these findings contribute to our understanding of the potential difference in the molecular pathways by which different hSOD1 mutants generate disease. © 2011 Elsevier Inc. All rights reserved.
Introduction
The tripeptide glutathione (GSH, γ-L-glutamyl-L-cysteinyl-glycine) is the main non-protein thiol found in most aerobics cells. Glutathione serves several physiological functions including: i) direct quenching of radicals, ii) provides reducing equivalents for enzyme-mediated degradation of hydrogen peroxide and organic hydroperoxides, iii) maintenance of proteins thiols groups, iv) detoxification of electrophilic xenobiotics, v) provides a reservoir for cysteine and vi) modulates critical cellular process such as DNA synthesis (Meister, 1988) . These functions critically affect cell survival under normal or pathological conditions. Amyotrophic lateral sclerosis (ALS) is the most common adultonset motor neuron disease caused by the progressive degeneration of motor neurons in the spinal cord, brain stem, and motor cortex. Motor neuron death leads to muscle weakness and paralysis causing death in 1 to 5 years from the time of symptom onset (Rowland and Shneider, 2001 ). Approximately 10-20% of familial ALS is caused by a toxic gain-of-function induced by mutations of the Cu/Zn-superoxide dismutase (SOD1) (Rosen et al., 1993) . Over 150 mutations in the SOD1 gene have been identified in familial ALS (Turner and Talbot, 2008) . Rodents overexpressing mutated forms of hSOD1 generally develop an ALS-like phenotype (Gurney et al., 1994; Howland et al., 2002) . Several hypotheses, including oxidative stress, glutamate excitotoxicity, formation of high molecular weight aggregates, and mitochondrial dysfunction, have been proposed to explain the toxic effect of mutant SOD1 (Beckman et al., 2001; Cleveland and Rothstein, 2001; Bruijn et al., 2004; Manfredi and Xu, 2005) .
Changes in glutathione levels may directly or indirectly aggravate many of the above pathological mechanisms. However, direct evidence of altered glutathione or glutathione utilizing enzymes levels in sporadic and familial ALS remain controversial. For example, while some studies found altered glutathione peroxidase activity others did not (Przedborski et al., 1996a (Przedborski et al., , 1996b Fujita et al., 1996; Andersen et al., 1998; Kato et al., 2005) . In addition, we have shown that activation of Nrf2 reverts the toxicity of astrocytes expressing ALS-linked mutant hSOD1 to co-cultured motor neurons by increasing glutathione production and secretion (Vargas et al., 2006 (Vargas et al., , 2008 . Glutathione is synthesized by the consecutive action of two enzymes, glutamate-cysteine ligase (GCL) and glutathione synthetase. The Abbreviations: GCLM, glutamate-cysteine ligase modifier subunit; SOD1, Cu/Znsuperoxide dismutase; ALS, amyotrophic lateral sclerosis; CNS, central nervous system.
